Purpose: To investigate peak oxygen uptake (VO 2 ) in relation to sex, age, body mass, fat-free mass (FFM), maturity, and overweight status. Methods: Multiplicative, allometric models of 10-to 18-year-olds were founded on 1057 determinations of peakVO 2 supported by anthropometry and estimates of maturity status. Results: Baseline models with body mass controlled for showed age to exert a positive effect on peakVO 2 , with negative estimates for age 2 , sex, and a sex-by-age interaction. Sexspecific models showed maturity status to have a positive effect on peakVO 2 in addition to the effects of age and body mass. Introducing skinfold thicknesses to provide, with body mass, a surrogate for FFM explained maturity effects and yielded a significantly (P < .05) better statistical fit in all models compared with those based on FFM estimated from youth-specific skinfold equations. With girls only, the introduction of overweight, defined by body mass index, resulted in a small but significant (P < .05) negative effect, with an age-by-overweight status interaction. Conclusions: FFM has a powerful influence on peakVO 2 in both sexes. Interpretation of the development of youth aerobic fitness and its application to health should reflect the sex-and maturity-associated variation in FFM.
Aerobic fitness defines the ability to deliver oxygen to the muscles and to use it to generate energy to support muscle activity during exercise. Peak oxygen uptake (VO 2 ), the highestVO 2 achieved during an incremental exercise test to exhaustion, is internationally recognized as the single best indicator of youth aerobic fitness, but its interpretation in relation to sex, age, body mass, fat-free mass (FFM), and maturity status is controversial (4) .
The vast majority of published data are cross-sectional and, on balance, show that boys' absolute peakVO 2 (ie, in L·min −1 ) increases in a near-linear manner with age and girls' data show a similar trend, although some studies report a leveling-off in girls' peakVO 2 from the mid-to late teens. PeakVO 2 is, however, correlated with body mass; to control for body mass in youth, most researchers have opted to simply divide peakVO 2 by body mass and express it in mL·kg −1 ·min −1 (ie, with a body mass exponent of 1). This is traditionally referred to as ratio scaling (40) . Crosssectional data indicate that boys' ratio-scaled peakVO 2 remains essentially unchanged from 10 to 18 years of age, whereas girls' values progressively decline with age, particularly from ∼13 to 14 years of age (6) .
Ratio scaling is "convenient and traditional" (13) , but it does not have a rigorous scientific rationale, is often not statistically justified, favors lighter individuals, and penalizes heavier (overweight or more mature) youth (45, 46, 50) . Allometric scaling has challenged the "convenient and traditional" interpretation of youth aerobic fitness and indicated that, with body mass appropriately controlled for, there is a progressive increase in peakVO 2 with age in both sexes (48) . PeakVO 2 in mL·kg −1 ·min −1 has been reported to be unrelated to maturity status (11) , but with body mass controlled for using allometry, it has been demonstrated that there are significant, sex-specific, positive effects of maturity status on peakVO 2 independent of age (9) .
Fat tissue does not influence peakVO 2 (20) , but it is common for overfat or overweight youth to be classified as "unfit" on the basis of peakVO 2 ratio scaled with body mass (35) . "Clinical red flags" have been raised against 8-to 18-year-olds with "cut points" of peakVO 2 below 42 and 35 mL·kg −1 ·min −1 for boys and girls, respectively (24) . The difference between the peakVO 2 of overfat and lean children has, however, been shown to be markedly reduced with body mass controlled for using allometry compared with values in mL·kg −1 ·min −1 (47) . Moreover, as compellingly argued by Tanner (40) 70 years ago, inappropriate ratio scaling leads to spurious correlations between peakVO 2 and other health-related variables. More recently, a comprehensive review concluded that the association of ratio-scaled peakVO 2 with cardiovascular risk factors in overweight youth may reflect overweight status to a greater extent than aerobic fitness (25) .
Longitudinal data provide a more informative interpretation of the development of youth aerobic fitness, but rigorous longitudinal studies are remarkably sparse. Some studies include a small number of participants and terminate in the early teens. A few investigations only include boys or follow girls for a shorter period of time. Data interpretation often consists of an evaluation of a series of annual cross-sectional analyses of absolute and ratioscaled peakVO 2 . Studies are difficult to interpret through the use of different methodology, equipment, and exercise testing modes, but trends are generally consistent. Taken together, longitudinal studies indicate that absolute peakVO 2 is higher in boys than girls from at least 10 years of age; boys' values increase with age through the teen years, whereas girls' peakVO 2 appears to level off from ∼13 years of age. Boys' ratio-scaled peakVO 2 is higher than that of girls and remains stable with age, although a gradual decline from 12 years of age to 13 years of age has also been noted. Girls' ratioscaled peakVO 2 decreases with age. Age at peak height velocity (PHV) has been used as a maturational benchmark in several studies; over the period 2 years prior to 2 years following PHV, both boys' and girls' mean absolute peakVO 2 has been reported to increase. By contrast, ratio-scaled peakVO 2 has been noted to decline in both sexes over the same time period, with a greater decline observed in girls. The influence of concurrent changes in body mass, FFM, and maturity status on peakVO 2 has not been addressed longitudinally, and overweight status in relation to the development of aerobic fitness has not been explored (16, 18, 22, 23, 29, 34, 36, 38) .
In the first study of youth aerobic fitness to include both boys and girls, Åstrand (12) argued that ideally, peakVO 2 should be interpreted in relation to active muscle mass rather than total body mass. Given the complications of measuring muscle mass, however, peakVO 2 should at least be scaled to FFM. It has been reported that peakVO 2 is more strongly correlated with FFM, estimated using dual-energy X-ray absorptiometry, than with body mass (21) and that the peakVO 2 of overweight youth is similar to that of lean youth when expressed in relation to FFM (20) . In contrast, over the period 11 to 18 years of age, changes in FFM determined using densitometry have been reported to be of secondary importance in the development of peakVO 2 compared with changes in body mass, at least in boys (38) . Rigorous analysis of the influence of FFM on aerobic fitness in youth is, however, challenging (14) , and FFM measures of the same young people have been shown to vary widely across established laboratory techniques (17) .
In several longitudinal studies, %body fat has been predicted from skinfold thicknesses (eg, 16, 22, 23, 34, 36) , but all combinations of skinfold thicknesses and prediction equations have major limitations (14) . The youth-specific equations to predict %body fat from skinfolds developed by Slaughter et al (37) are the most commonly used (eg, 22, 34) , but validation studies of the Slaughter equations have revealed wide limits of agreement and a tendency to underpredict fat in girls and overpredict fat in boys (32) . It has been recommended that researchers should consider simply using the sum of skinfold thicknesses in conjunction with body mass as a surrogate of FFM rather than predicting %body fat from skinfold-based equations and subsequently estimating FFM (32) . This proposal has not been investigated longitudinally.
Both cross-sectional and longitudinal studies have contributed to current knowledge, but variations and limitations in experimental designs and analyses have confused physiologic understanding of the development of youth aerobic fitness. The emergence (1) and refinement (19) of multilevel regression modeling has opened new analytical approaches to developmental exercise physiology. Multilevel regression modeling enables the effects of variables such as sex, age, body mass, FFM, and maturity status on peakVO 2 to be partitioned concurrently within an allometric framework to provide a flexible and sensitive interpretation of youth aerobic fitness.
In an innovative reanalysis of data from a study of elite youth athletes, Nevill et al (30) introduced multiplicative, allometric modeling to pediatric sport science and demonstrated age and-in boys but not girls-maturity status effects on peakVO 2 that were additional to those due to changes in body size. Unfortunately, issues related to selection and retention in elite youth sports and participation in different high-intensity, sport-specific training programs both before and during the study preclude extrapolation of the data to an untrained population of young people. The sexspecific development of aerobic fitness in healthy, untrained boys and girls using a longitudinal design with a multiplicative, allometric modeling approach has not been examined. The longitudinal influence of FFM on youth aerobic fitness has rarely been explored. In addition, a multilevel modeling approach enables the efficacy of body mass and the sum of skinfold thicknesses as a surrogate of FFM to be compared with FFM estimated from body mass and %body fat predicted from youthspecific skinfold equations.
The purpose of the present study is, therefore, to enhance understanding of the development of peakVO 2 from 10 to 18 years of age in relation to sex, age, maturity status, body mass, and FFM. Subsidiary objectives are (1) to compare sex-specific models of the development of peakVO 2 founded on body mass and the sum of skinfold thicknesses as a surrogate of FFM with those based on FFM estimated from body mass and %body fat predicted from skinfold equations and (2) to explore sex-specific effects of overweight status on peakVO 2 .
Methods Subjects
Initially, 234 (115 girls and 119 boys) students from year 6 (10-to 11-year-olds) in local state schools volunteered to take part in a longitudinal project involving 3 annual testing occasions. The project was subsequently extended to cover the age range 10-18 years, with an additional 71 (35 girls and 36 boys) students from year 7 (11-to 12-year-olds) and 67 (31 girls and 36 boys) students from year 9 (13-to 14-year-olds) volunteering to join the project. The study received ethical approval from the District Health Authority Ethical Committee, and all participants provided written informed consent signed by themselves and their parent or guardian. Participant recruitment and representativeness have been described in interim publications, where descriptive data and some of the initial longitudinal data have been reported as the project progressed (7, 10) . The complete data set has not previously been brought together for analysis; sex-specific models have not been developed, and neither FFM nor overweight status has been explored.
Experimental Procedures
Participants visited the research center annually and were well habituated to the laboratory environment, laboratory personnel, and the specific experimental procedures. Age was computed from date of birth to date of examination. Anthropometric measures were taken as recommended by the International Biological Program (44), and apparatus was calibrated according to the manufacturers' instructions. Stature was measured by using a Holtain stadiometer (Holtain, Crymych, UK); body mass was determined by using Avery balance scales (Avery, Birmingham, UK); body mass index (BMI) was calculated as body mass·stature −2 (ie, kg·m
), and participants coded into the categories "overweight" and "not overweight" based on the international BMI criteria recommended by Cole et al (15) . Skinfold thicknesses over the triceps and subscapular regions were measured by using Holtain skinfold calipers. Percentage body fat was predicted from skinfolds by using the equations developed by Slaughter et al (37) , and FFM was subsequently estimated from body mass and predicted %body fat. On 972 occasions, maturity status was visually assessed by the Research Centre nurse using the indices for pubic hair (PH) development described by Tanner (41) .
Following a standardized warm-up, peakVO 2 ) was reached. Subsequently, belt speed was held constant, and the gradient was incrementally increased by 2.5% until the participants were exhausted. The highest 30-secondVO 2 attained was accepted as a maximal index if the subject demonstrated clear signs of intense exertion (eg, hyperpnea, facial flushing, unsteady gait, profuse sweating) supported by a heart rate that was leveling off over the final stages of the test at a value within 5% of the mean maximum heart rate we have previously reported for youth of these ages (11) . All participants included herein met these criteria on each test occasion, totaling 1057 determinations of peakVO 2 .
Data Analyses
Data were analyzed using SPSS v24 software (IBM Corp, Armonk, NY). To explore age, body mass, and body composition relationships with peakVO 2 across the data set, Pearson correlation coefficients were determined by sex between peakVO 2 and age, body mass, and estimated FFM, respectively. For descriptive purposes, peakVO 2 data were plotted against age and against body mass, respectively.
Factors associated with the longitudinal growth of peakVO 2 were analyzed using multilevel regression modeling (MLwiN version 3.02; Centre for Multilevel Modelling, University of Bristol, Bristol, UK), adopting the multiplicative, allometric approach described by Nevill et al (30) . Initial (baseline) models sought to investigate sex differences across the age range 10-18 years of age, with age and body mass (or estimated FFM) controlled for within an allometric framework. Subsequently, multilevel models were computed for boys and girls separately.
The log-linearized baseline model (Equation 1) formed the starting point for analyses: log e y = k 1 · log e mass þ a j þ b · age þ c · age 2 þ log e ðεijÞ: (1) All investigated parameters were fixed with the exception of the constant (intercept term), which was allowed to vary randomly at level 2 (between individuals), and the multiplicative error term ε, which also varied randomly at level 1 (within individuals). The subscripts i and j in Equation 1 denote this random variation at levels 1 and 2, respectively. Age was centered on the group mean. From the baseline model, including age and body mass, additional explanatory variables were explored. In the initial modeling of the combined groups, sex differences were investigated using the indicator variable boys = 0, girls = 1, plus the interaction term age-by-sex. In subsequent analyses, the additional effect of the sum of triceps and subscapular skinfold thicknesses and additional indicator variables for maturity status (ie, PH stages 2, 3, 4, and 5 compared with PH stage 1) and overweight (not overweight = 0, overweight = 1) were explored. Finally, maturity status was introduced to baseline models of age and estimated FFM.
Parameter estimates were considered significant (P < .05) where their value exceeded 2 × the standard error. The change in deviance statistic (−2 × log likelihood) was used to assess the goodness of fit of the models.
Results
In contrast to traditional methods that require a complete longitudinal data set, both the number of observations per individual and the temporal spacing of the observations can vary within a multilevel analysis. Moreover, in the present study, there were no significant differences (P > .05) between those who were unable to attend a subsequent test occasion and the rest of their sex-specific group in body mass, skinfold thicknesses, or peakVO 2 . The analyses were founded on 1057 (556 boys and 501 girls) measurements of age, body mass, skinfold thicknesses, and peakVO 2 supported by 972 (516 boys and 456 girls) assessments of maturity status.
The relationships across the whole data set between peakVO 2 and age and peakVO 2 and body mass by sex are illustrated in Figures 1 and 2 . Age was significantly (P < .001) correlated with peakVO 2 in both boys and girls, with coefficients of r = .78 and r = .64, respectively. Body mass was significantly (P < .001) correlated with peakVO 2 in both boys (r = .89) and girls (r = .83). PeakVO 2 was significantly (P < .001) correlated with estimated FFM in boys (r = .94) and girls (r = .87).
To investigate sex differences in the development of aerobic fitness and whether or not ratio scaling is appropriate, the male and female data were combined in Table 1 , where each model is founded on 1057 determinations of peakVO 2 . Model 1.1 confirmed body mass as a significant anthropometric covariate, yielding an allometric exponent (standard error) of 0.69 (0.02) (ie, with 95% confidence intervals (CIs) encompassing the range 0.65-0.73). With body mass controlled for, a positive effect of age on peakVO 2 was demonstrated, with significant negative estimates obtained for the age 2 , sex, and age-by-sex interaction terms. In model 1.2, the sum of subscapular and triceps skinfold thicknesses was entered to provide, with body mass, a surrogate for FFM. The introduction of skinfold thicknesses generated a negative exponent, resulting in a large increase in the body mass exponent and reductions in the positive age and negative sex, age-by-sex, and age 2 terms. Model 1.3 confirmed estimated FFM as a significant covariate. With this covariate controlled for, a positive effect of age on peakVO 2 remained, although smaller than that noted in model 1.1. Similar to models 1.1 and 1.2, significant negative estimates were obtained for the age 2 , sex, and age-by-sex interaction terms. A comparison of the goodness of fit of the different models is obtained from the −2 × log-likelihood, with reference to the number of fitted parameters. In a comparison of 2 models with the same number of fitted parameters, the model with the smallest −2 × loglikelihood reflects that with the best fit. Additional parameters contribute to improved fit from the change in −2 × log likelihood according to a chi-square statistic for additional degrees of freedom. Thus, in Table 1 , the model with the best fit is clearly model 1.2 (with body mass and skinfolds as covariates). Table 2 contains the models describing the boys' data. Model 2.1, the baseline model, shows that with body mass controlled for, age had a significant positive effect on peakVO 2 , with a small but significant negative effect of age 2 . In model 2.2, maturity status (PH development) was entered into the baseline model, and PH stages 2 to 5 each made a significant positive contribution in addition to age and body mass in explaining peakVO 2 . With the introduction of the sum of triceps and subscapular skinfolds, the The models describing the girls' data are presented in Table 3 . Model 3.1, the baseline model, shows that with body mass controlled for, age has a significant positive effect on peak VO 2 , with a significant negative age 2 term. When maturity status was entered into the baseline model as model 3.2, PH stages 2 to 5 each made a significant contribution to explaining peakVO 2 in addition to body mass, age, and age 2 . The entry of the sum of skinfolds negated the effects of maturity status. Model 3.3, which was founded on the whole-female data set, shows the effects of body mass and skinfold thicknesses on peakVO 2 . As observed for both the combined data (Table 1) and boys' data (Table 2) , the model with the best statistical fit for girls' peak VO 2 is that with body mass and skinfolds as covariates (model 3.3) rather than with estimated FFM as a covariate (model 3.5). The introduction of overweight in model 3.4 yielded a significant negative estimate, with a significant negative age-by-overweight interaction.
Discussion
The raw data presented in Figures 1 and 2 support indications from previous cross-sectional and longitudinal studies (5). In boys, there is a near-linear increase in peakVO 2 with age, indicating that between 16 and 18 years of age, the age effect is reduced as the rate of change in growth decreases. In girls, a near-linear increase is observed until ∼13 to 14 years of age, followed by a leveling-off in values. Plotted against body mass, the size dependency of peak VO 2 is evident, as are sex differences throughout the range of values observed.
The baseline models clearly illustrate the fallacy of the ratioscaled peakVO 2 interpretation of age-related aerobic fitness. Allometric exponents for body mass are 0.69 (model 1.1), 0.71 (model 2.1), and 0.63 (model 3.1), with an exponent of 1.0 (as assumed in ratio scaling) falling outside the 95% CI on each occasion. The positive age, negative sex, and negative age-bysex terms in Table 1 show that with either body mass (with or without skinfolds) or estimated FFM controlled for, peakVO 2 is higher in boys than in girls and increases with age in both sexes, although the age effect is smaller in girls. The negative age 2 term indicates that the magnitude of the age effect is reduced as the rate of change in growth decreases. Model 1.3 is a better statistical fit than model 1.1, but model 1.2, founded on body mass and skinfold thicknesses (as a surrogate for FFM), is a significantly (P < .05) better fit than either model 1.1 or model 1.3. This trend is consistent through the sex-specific models in Tables 2 and 3 , with baseline models founded on estimated FFM significantly (P < .05) superior to those based on body mass. The models with the best fit (P < .05), however, are those founded on body mass and the sum of skinfold thicknesses. Therefore, the discussion that follows will focus on model 2.3 and model 3.3 when interpreting the influence of FFM on the development of aerobic fitness. It is well documented that age-related increases in youth peak VO 2 are the result of increases in maximal stroke volume (SV max ) and maximal arteriovenous oxygen difference (a-vO 2 diff max). The reasons for sex differences in the development of aerobic fitness are less clear but generally attributed to differences in physical activity, SV max , or a-vO 2 diff max (5).
Physical activity tends to decrease through the teen years, and boys are generally more physically active than girls, but there is no compelling evidence to suggest that current levels of daily physical activity contribute to age or sex differences in peakVO 2 (3) . To test whether there was any relationship between daily physical activity and aerobic fitness in the present study, the physical activity patterns of ∼200 of the participants were monitored annually from 11 to 13 years. The data showing that no significant (P > .05) relationship between physical activity and peakVO 2 exists has been published elsewhere (8) , but in summary, with age and body mass controlled for, peakVO 2 was introduced to a multilevel regression model of physical activity as an additional variable and a nonsignificant (P > .05) parameter estimate generated. Physical activity of moderate intensity and above significantly (P < .05) decreased with age, whereas peakVO 2 in both L·min
and with body mass controlled for using allometry significantly (P < .05) increased over the same time period in both girls and boys.
The introduction of noninvasive technologies to developmental exercise physiology has promoted research into comparisons of the components of peakVO 2 in girls and boys, but data are sparse and conflicting. Two Doppler echocardiography studies have reported sex differences to be the result of a higher SV max in boys, but whether this is because of differences in cardiac size or function is contentious (33, 43) . By contrast, a study using thoracic bioelectrical impedance reported that a 19% sex difference observed in mean peakVO 2 was caused by a 17% difference in a-vO 2 diff max with no significant sex difference in SV max . The same study explored resting heart size variables by using magnetic resonance imaging and reported no significant sex differences (49) . A poorer matching of muscle oxygen delivery to oxygen utilization in girls was reported in a study that used near-infrared spectroscopy to measure microcirculatory changes in deoxygenated hemoglobin and myoglobin. The authors concluded that this phenomenon may contribute to girls' lower peakVO 2 (28) . However, although the physiologic mechanisms underlying sex differences in youth aerobic fitness are emerging, they have yet to be fully elucidated (5). Girls typically enter puberty before similarly aged boys; for example, a 12-year-old girl in PH stage 3 is not equivalent to a 14-year-old boy at the same pubertal stage (26) . It is therefore appropriate to analyze data in sex-specific models (Tables 2 and 3) , which provide more sensitive explorations of the development of girls' and boys' peakVO 2 than the combined data in Table 1 .
The sex-specific baseline models are in direct conflict with the interpretation of the development of aerobic fitness based on ratioscaled data. Both model 2.1 (boys) and model 3.1 (girls) demonstrate that with body mass controlled for, age exerts a significant additional effect on peakVO 2 . Models 2.2 (boys) and 3.2 (girls) show significant additional effects of maturity status on peakVO 2 with age and body mass controlled for. However, when skinfold thicknesses were entered (model 2.3 and model 3.3 for boys and girls, respectively), a negative estimate was obtained, the value of the body mass exponent markedly increased, and the effects of maturity status on peakVO 2 were negated. The increase in the body mass exponent with the introduction of skinfold thicknesses has been previously observed and attributed to the effect that excess fat mass has on increasing body mass without an increase in peak VO 2 (42) . Model 2.3 and model 3.3 illustrate this effect in the complete sex-specific data sets. These findings clearly demonstrate the importance of maturational changes in FFM on youth peakVO 2 in both sexes.
Increases in peakVO 2 are driven by gains in SV max , a-vO 2 diff max, or both, but growth in muscle mass, reflected by increases in FFM, not only enhances total muscleVO 2 during exercise but, through the peripheral muscle pump, also augments venous return to the heart and boosts SV max . FFM increases by ∼90% and ∼40% in boys and girls, respectively, from 11 to 16 years of age. The influence of sex-specific maturity status is evidenced by percentage changes in FFM being at their peak around the time of PHV. Boys' FFM increases by ∼83% over the period 2 years pre-PHV to 2 years post-PHV. The greatest increase in girls' FFM (∼31%) occurs over a shorter 2-year period centered on PHV, and then levels off in accordance with the development of peakVO 2 (2, 27) .
The introduction of overweight as an indicator variable yielded a nonsignificant parameter estimate in boys (model 2.3) confirming the ability of body mass and skinfolds, as surrogates for FFM, to account for any differences in peakVO 2 between boys classified by BMI for age as overweight (15) vs those of healthy mass. Interestingly, in girls (model 3.4), this was not the case, and girls defined as overweight by BMI for age presented a peakVO 2 , adjusted for body mass and skinfold thicknesses that was ∼5% smaller and statistically significantly different from girls of healthy body mass. A significant negative age-by-overweight interaction indicated an additional small (∼2%) decrement with age. We suspect that these findings result not from a true difference in peakVO 2 between the groups but rather from the use of BMI to define assumed levels of excess adipose tissue. BMI was designed as a population metric but is currently used with relatively small samples-at an individual level, an application that is inherently flawed (39) . Data from adults have cast serious doubts on the validity of BMI to represent adiposity compared with surface anthropometry such as skinfolds (31) . Specifically, a ratio of mass to stature 2 cannot reflect maturational changes in fat accumulation and patterning in girls. We suggest that classifying young people as overweight by using a direct measure of adiposity may better enable more valid comparisons of peakVO 2 in relation to overweight status.
Taken collectively, the data show that the development of the peakVO 2 of overweight boys and girls is closely related to their FFM, as in healthy weight youth. However, their elevated fat mass and body mass mean that they are highly likely to be graded as "unfit" or to raise "clinical red flags" in current classification systems based on ratio scaling with body mass (24, 35) .
In conclusion, a multiplicative allometric approach, applied to longitudinal data, has demonstrated that in both sexes with body mass controlled for, peakVO 2 increases with age, but the effect is smaller in girls than in boys. In both boys and girls, maturity status exerts a positive independent effect on peakVO 2 in addition to that of age and body mass, but it is the changes in FFM, as indicated herein by body mass and skinfolds, associated with changes in maturity status that are the principal influence on the increase of peakVO 2 in youth. The present data are in direct conflict with the ratio-scaled interpretation of youth peakVO 2 and expose the fallacy of using single peakVO 2 data points in mL·kg −1 ·min −1 as "cut points" for acceptable levels of aerobic fitness or for raising "clinical red flags" for youth falling between 10 and 18 years of age. Moreover, the interpretation of youth aerobic fitness and its rigorous application to health and wellbeing should reflect the maturity status-and sex-associated variation in FFM, which we have demonstrated herein to be a powerful influence on the development of peakVO 2 in both sexes and in both overweight and healthy-weight youth. The use of body mass and skinfold thicknesses as a surrogate for FFM has been revealed to provide a model with a superior statistical fit than the application of FFM estimated from body mass and %body fat predicted from youth-specific skinfold equations, and this technique can be recommended for future research.
